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SECTION 23 09 23 

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. The contractor administered by this Section of the technical specifications shall observe 

the capabilities, communication network, services, spare capacity of the existing control 

system prior to beginning work. 

1. Leave existing direct-digital control system intact and in place.  Expand off of the 

existing system as required for the new scope of work.   

B. Unitary standalone systems including Unit Heaters, Cabinet Unit Heaters, Fan Coil Units, 

Base Board Heaters, thermal comfort ventilation fans, and similar units for control of 

room environment conditions may be equipped with integral controls furnished and 

installed by the equipment manufacturer or field mounted. Refer to equipment 

specifications and as indicated in project documents.  Application of standalone unitary 

controls is limited to at least those systems wherein remote monitoring, alarm and start-

up are not necessary.  Examples of such systems include: 

1. Light-switch-operated toilet exhaust 

2. Vestibule heater 

3. Exterior stair heater 

4. Attic heating and ventilation 

5. Mechanical or electrical room heating and ventilation. 

C. The direct-digital control system shall start and stop equipment, move (position) damper 

actuators and valve actuators, and vary speed of equipment to execute the mission of the 

control system.  Use electricity as the motive force for all damper and valve actuators, 

unless use of pneumatics as motive force is specifically granted by the VA. 

1.2 QUALITY ASSURANCE 

A. Criteria:  

1. Provide a competent and experienced Project Manager employed by the Controls 

Contractor. The Project Manager shall be supported as necessary by other Contractor 

employees in order to provide professional engineering, technical and management 

service for the work. The Project Manager shall attend scheduled Project Meetings as 
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required and shall be empowered to make technical, scheduling and related decisions 

on behalf of the Controls Contractor.  

B. Codes and Standards: 

1. All work shall conform to the applicable Codes and Standards. 

2. Electronic equipment shall conform to the requirements of FCC Regulation, Part 15, 

Governing Radio Frequency Electromagnetic Interference, and be so labeled.  

1.3 WARRANTY 

A. Labor and materials for control systems shall be warranted for a period as specified under 

Warranty in FAR clause 52.246-21. 

B. Control system failures during the warranty period shall be adjusted, repaired, or replaced 

at no cost or reduction in service to the owner. The system includes all computer 

equipment, transmission equipment, and all sensors and control devices. 

C. The on-line support service shall allow the Controls supplier to dial out over telephone 

lines to or connect via (through password-limited access) VPN through the internet 

monitor and control the facility’s building automation system. This remote connection to 

the facility shall be within two (2) hours of the time that the problem is reported. This 

coverage shall be extended to include normal business hours, after business hours, 

weekend and holidays. If the problem cannot be resolved with on-line support services, 

the Controls supplier shall dispatch the qualified personnel to the job site to resolve the 

problem within 24 hours after the problem is reported. 

1.4 SUBMITTALS 

A. Submit shop drawings in accordance with Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, AND SAMPLES. 

B. Manufacturer’s literature and data for all components including the following: 

1. A wiring diagram for each type of input device and output device including DDC 

controllers, modems, repeaters, etc. Diagram shall show how the device is wired and 

powered, showing typical connections at the digital controllers and each power 

supply, as well as the device itself. Show for all field connected devices, including 

but not limited to, control relays, motor starters, electric or electronic actuators, and 

temperature pressure, flow and humidity sensors and transmitters. 
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2. A diagram of each terminal strip, including digital controller terminal strips, terminal 

strip location, termination numbers and the associated point names. 

3. Control dampers and control valves schedule, including the size and pressure drop. 

4. Control air-supply components, and computations for sizing compressors, receivers 

and main air-piping, if pneumatic controls are furnished. 

5. Catalog cut sheets of all equipment used. This includes, but is not limited to software 

(by manufacturer and by third parties), DDC controllers, panels, peripherals, airflow 

measuring stations and associated components, and auxiliary control devices such as 

sensors, actuators, and control dampers. When manufacturer’s cut sheets apply to a 

product series rather than a specific product, the data specifically applicable to the 

project shall be highlighted. Each submitted piece of literature and drawings should 

clearly reference the specification and/or drawings that it supposed to represent. 

6. Sequence of operations for each HVAC system and the associated control diagrams. 

Equipment and control labels shall correspond to those shown on the drawings. 

7. Color prints of proposed graphics with a list of points for display.  

8. Furnish a BACnet Protocol Implementation Conformance Statement (PICS) for each 

BACnet-compliant device. 

9. Schematic wiring diagrams for all control, communication and power wiring. Provide 

a schematic drawing of the central system installation. Label all cables and ports with 

computer manufacturers’ model numbers and functions. Show all interface wiring to 

the control system. 

10. An instrumentation list for each controlled system. Each element of the controlled 

system shall be listed in table format. The table shall show element name, type of 

device, manufacturer, model number, and product data sheet number. 

11. Riser diagrams of wiring between central control unit and all control panels. 

12. Scaled plan drawings showing routing of LAN and locations of control panels, 

controllers, routers, gateways, ECC, and larger controlled devices. 

13. Construction details for all installed conduit, cabling, raceway, cabinets, and similar.  

Construction details of all penetrations and their protection. 

14. Quantities of submitted items may be reviewed but are the responsibility of the 

contractor administered by this Section of the technical specifications. 
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C. Product Certificates: Compliance with Article, QUALITY ASSURANCE. 

D. Licenses: Provide licenses for all software residing on and used by the Controls Systems 

and transfer these licenses to the Owner prior to completion. 

E. As Built Control Drawings:  

1. Furnish three (3) copies of as-built drawings for each control system. The documents 

shall be submitted for approval prior to final completion. 

2. Furnish one (1) stick set of applicable control system prints for each mechanical 

system for wall mounting. The documents shall be submitted for approval prior to 

final completion. 

3. Furnish one (1) CD-ROM in CAD DWG and/or .DXF format for the drawings noted 

in subparagraphs above.  

F. Operation and Maintenance (O/M) Manuals): 

1. Submit in accordance with Article, INSTRUCTIONS, in Specification Section 01 00 

00, GENERAL REQUIREMENTS. 

1.5 PROJECT CONDITIONS (ENVIRONMENTAL CONDITIONS OF OPERATION) 

A. The ECC and peripheral devices and system support equipment shall be designed to 

operate in ambient condition of 20 to 35°C (65 to 90°F) at a relative humidity of 20 to 

80% non-condensing. 

C. All electronic equipment shall operate properly with power fluctuations of plus 10 

percent to minus 15 percent of nominal supply voltage. 

D. Sensors and controlling devices shall be designed to operate in the environment, which 

they are sensing or controlling.  

1.6 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of this specification to the extent referenced. 

The publications are referenced in the text by the basic designation only. 

B. American Society of Heating, Refrigerating, and Air-Conditioning Engineers 

(ASHRAE): 

Standard 135-08 ................... BACNET Building Automation and Control Networks 

C. American Society of Mechanical Engineers (ASME): 

B16.18-05............................. Cast Copper Alloy Solder Joint Pressure Fittings. 

B16.22-05............................. Wrought Copper and Copper Alloy Solder Joint Pressure 

Fittings. 
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D. American Society of Testing Materials (ASTM): 

B32-04 ................................. Standard Specification for Solder Metal 

B88-03 ................................. Standard Specifications for Seamless Copper Water Tube 

B88M-05 .............................. Standard Specification for Seamless Copper Water Tube 

(Metric) 

B280-03 ............................... Standard Specification for Seamless Copper Tube for Air-

Conditioning and Refrigeration Field Service 

D2737-03 ............................. Standard Specification for Polyethylene (PE) Plastic 

Tubing 

E. Federal Communication Commission (FCC): 

Rules and Regulations Title 47 Chapter 1-2001 Part 15: Radio Frequency Devices. 

F. Institute of Electrical and Electronic Engineers (IEEE): 

802.3-05 ............................... Information Technology-Telecommunications and 

Information Exchange between Systems-Local and 

Metropolitan Area Networks- Specific Requirements-Part 

3: Carrier Sense Multiple Access with Collision Detection 

(CSMA/CD) Access method and Physical Layer 

Specifications 

G. National Fire Protection Association (NFPA): 

70-08.................................... National Electric Code 

90A-09 ................................. Standard for Installation of Air-Conditioning and 

Ventilation Systems  

H. Underwriter Laboratories Inc (UL): 

94-06.................................... Tests for Flammability of Plastic Materials for Parts and 

Devices and Appliances 

294-05 .................................. Access Control System Units  

486A/486B-04-..................... Wire Connectors  

555S-06................................ Standard for Smoke Dampers 

916-07 .................................. Energy Management Equipment 

1076-05 ................................ Proprietary Burglar Alarm Units and Systems  

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Use new products that the manufacturer is currently manufacturing and that have been 

installed in a minimum of 25 installations. Spare parts shall be available for at least five 

years after completion of this contract. 
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2.2 CONTROLS SYSTEM ARCHITECTURE 

A. General 

1. The Controls Systems shall consist of multiple Nodes and associated equipment 

connected by industry standard digital and communication network arrangements. 

2. 2.3 COMMUNICATION 

B. Control products, communication media, connectors, repeaters, hubs, and routers shall 

comprise a BACnet internetwork. Controller and operator interface communication shall 

conform to ANSI/ASHRAE Standard 135-2008, BACnet. 

1. The Data link / physical layer protocol (for communication) acceptable to the VA 

throughout its facilities is Ethernet (ISO 8802-3) and BACnet/IP. 

C. Each controller shall have a communication port for connection to an operator interface. 

D. Internetwork operator interface and value passing shall be transparent to internetwork 

architecture. 

1. An operator interface connected to a controller shall allow the operator to interface 

with each internetwork controller as if directly connected. Controller information 

such as data, status, reports, system software, and custom programs shall be viewable 

and editable from each internetwork controller. 

2. Inputs, outputs, and control variables used to integrate control strategies across 

multiple controllers shall be readable by each controller on the internetwork.  

Program and test all cross-controller links required to execute specified control 

system operation. An authorized operator shall be able to edit cross-controller links 

by typing a standard object address. 

E. 2.4 2.7 NETWORK AND DEVICE NAMING CONVENTION 

F. Network Numbers 

1. BACnet network numbers shall be based on a "facility code, network" concept. The 

"facility code" is the VAMC’s or VA campus’ assigned numeric value assigned to a 

specific facility or building. The "network" typically corresponds to a "floor" or other 

logical configuration within the building. BACnet allows 65535 network numbers per 

BACnet internet work.  

2. The network numbers are thus formed as follows: "Net #" = "FFFNN" where: 
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a. FFF = Facility code (see below) 

b. NN = 00-99 This allows up to 100 networks per facility or building 

G. Device Instances 

1. BACnet allows 4194305 unique devices instances per BACnet internet work. Using 

Agency's unique device instances are formed as follows: "Dev #" = "FFFNNDD" 

where 

a. FFF and N are as above and 

b. DD = 00-99, this allows up to 100 devices per network. 

2. Note Special cases, where the network architecture of limiting device numbering to 

DD causes excessive subnet works. The device number can be expanded to DDD and 

the network number N can become a single digit. In NO case shall the network 

number N and the device number D exceed 4 digits.   

3. Facility code assignments: 

4. 000-400 Building/facility number 

5. Note that some facilities have a facility code with an alphabetic suffix to denote 

wings, related structures, etc. The suffix will be ignored. Network numbers for 

facility codes above 400 will be assigned in the range 000-399. 

H. Device Names 

1. Name the control devices based on facility name, location within a facility, the 

system or systems that the device monitors and/or controls, or the area served. The 

intent of the device naming is to be easily recognized. Names can be up to 254 

characters in length, without embedded spaces. Provide the shortest descriptive, but 

unambiguous, name. For example, in building #123 prefix the number with a “B” 

followed by the building number, if there is only one chilled water pump "CHWP-1", 

a valid name would be "B123.CHWP. 1.STARTSTOP". If there are two pumps 

designated "CHWP-1", one in a basement mechanical room (Room 0001) and one in 

a penthouse mechanical room (Room PH01), the names could be 

"B123.R0001.CHWP.1. STARTSTOP " or " B123.RPH01.CHWP.1.STARTSTOP". 

In the case of unitary controllers, for example a VAV box controller, a name might be 

"B123.R101.VAV". These names should be used for the value of the "Object_Name" 
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property of the BACnet Device objects of the controllers involved so that the BACnet 

name and the EMCS name are the same. 

2.3 BACNET DEVICES 

A. All BACnet Devices – controllers, gateways, routers, actuators and sensors shall conform 

to BACnet Device Profiles and shall be BACnet Testing Laboratories (BTL) -Listed as 

conforming to those Device Profiles.  Protocol Implementation Conformance Statements 

(PICSs), describing the BACnet capabilities of the Devices shall be published and 

available of the Devices through links in the BTL website. 

1. BACnet Building Controllers, historically referred to as NACs, shall conform to the 

BACnet B-BC Device Profile, and shall be BTL-Listed as conforming to the B-BC 

Device Profile.  The Device’s PICS shall be submitted. 

2. BACnet Advanced Application Controllers shall conform to the BACnet B-AAC 

Device Profile, and shall be BTL-Listed as conforming to the B-AAC Device Profile.  

The Device’s PICS shall be submitted. 

3. BACnet Application Specific Controllers shall conform to the BACnet B-ASC 

Device Profile, and shall be BTL-Listed as conforming to the B-ASC Device Profile.  

The Device’s PICS shall be submitted. 

4. BACnet Smart Actuators shall conform to the BACnet B-SA Device Profile, and 

shall be BTL-Listed as conforming to the B-SA Device Profile.  The Device’s PICS 

shall be submitted. 

5. BACnet Smart Sensors shall conform to the BACnet B-SS Device Profile, and shall 

be BTL-Listed as conforming to the B-SS Device Profile.  The Device’s PICS shall 

be submitted. 

6. BACnet routers and gateways shall conform to the BACnet B-OTH Device Profile, 

and shall be BTL-Listed as conforming to the B-OTH Device Profile.  The Device’s 

PICS shall be submitted. 

2.4 CONTROLLERS 

A. General. Provide an adequate number of BTL-Listed B-BC building controllers and an 

adequate number of BTL-Listed B-AAC advanced application controllers to achieve the 

performance specified in the Part 1 Article on “System Performance.” Each of these 

controllers shall meet the following requirements.  
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1. The controller shall have sufficient memory to support its operating system, database, 

and programming requirements. 

2. The building controller shall share data with the ECC and the other networked 

building controllers.  The advanced application controller shall share data with its 

building controller and the other networked advanced application controllers. 

3. The operating system of the controller shall manage the input and output 

communication signals to allow distributed controllers to share real and virtual object 

information and allow for central monitoring and alarms. 

4. Controllers that perform scheduling shall have a real-time clock. 

5. The controller shall continually check the status of its processor and memory circuits. 

If an abnormal operation is detected, the controller shall:  

a. assume a predetermined failure mode, and 

b. generate an alarm notification.  

6. The controller shall communicate with other BACnet devices on the internetwork 

using the BACnet Read (Execute and Initiate) and Write (Execute and Initiate) 

Property services.  

7. Communication. 

a. Each controller shall reside on a BACnet network using the ISO 8802-3 

(Ethernet) Data Link/Physical layer protocol for its communications. Each 

building controller also shall perform BACnet routing if connected to a network 

of custom application and application specific controllers. 

b. The controller shall provide a service communication port using BACnet Data 

Link/Physical layer protocol for connection to a portable operator’s terminal. 

8. Keypad. A local keypad and display shall be provided for each controller. The keypad 

shall be provided for interrogating and editing data. Provide a system security 

password shall be available to prevent unauthorized use of the keypad and display.  

9. Serviceability. Provide diagnostic LEDs for power, communication, and processor. 

All wiring connections shall be made to field-removable, modular terminal strips or 

to a termination card connected by a ribbon cable. 

10. Memory. The controller shall maintain all BIOS and programming information in the 

event of a power loss for at least 72 hours. 
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11. The controller shall be able to operate at 90% to 110% of nominal voltage rating and 

shall perform an orderly shutdown below 80% nominal voltage. Controller operation 

shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 

5 W at 1 m (3 ft). 

B. Provide BTL-Listed B-ASC application specific controllers for each piece of equipment 

for which they are constructed.  Application specific controllers shall communicate with 

other BACnet devices on the internetwork using the BACnet Read (Execute) Property 

service. 

1. Each B-ASC shall be capable of stand-alone operation and shall continue to provide 

control functions without being connected to the network.  

2. Each B-ASC will contain sufficient I/O capacity to control the target system. 

3. Communication. Each controller shall reside on a BACnet network using the ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol for its communications. Each 

building controller also shall perform BACnet routing if connected to a network of 

custom application and application specific controllers. 

a. Each controller shall have a BACnet Data Link/Physical layer compatible 

connection for a laptop computer or a portable operator’s tool. This connection 

shall be extended to a space temperature sensor port where shown. 

4. Serviceability. Provide diagnostic LEDs for power, communication, and processor. 

All wiring connections shall be made to field-removable, modular terminal strips or 

to a termination card connected by a ribbon cable. 

5. Memory. The application specific controller shall use nonvolatile memory and 

maintain all BIOS and programming information in the event of a power loss. 

6. Immunity to power and noise. Controllers shall be able to operate at 90% to 110% of 

nominal voltage rating and shall perform an orderly shutdown below 80%. Operation 

shall be protected against electrical noise of 5-120 Hz and from keyed radios up to 5 

W at 1 m (3 ft). 

7. Transformer. Power supply for the ASC must be rated at a minimum of 125% of ASC 

power consumption and shall be of the fused or current limiting type. 
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2.5 THERMOSTATS AND HUMIDISTATS 

A. Room thermostats controlling unitary standalone heating and cooling devices not 

connected to the DDC system shall have three modes of operation (heating - null or dead 

band - cooling). Thermostats for patient bedrooms shall have capability of being adjusted 

to eliminate null or dead band. Wall mounted thermostats shall have // polished or 

brushed aluminum // satin chrome // manufacturer's recommendation // finish, setpoint 

range and temperature display and external adjustment: 

1. Electronic Thermostats: Solid-state, microprocessor based, programmable to daily, 

weekend, and holiday schedules. 

a. Public Space Thermostat: Public space thermostat shall have a thermistor sensor 

and shall not have a visible means of set point adjustment. Adjustment shall be 

via the digital controller to which it is connected.  

b. Patient Room Thermostats: thermistor with in-space User set point adjustment 

and an on-casing room temperature numerical temperature display. 

c. Psychiatric Patient Room Sensors: Electronic duct sensor as noted under Article 

2.4.  

d. Battery replacement without program loss.  

B. Strap-on thermostats shall be enclosed in a dirt-and-moisture proof housing with fixed 

temperature switching point and single pole, double throw switch. 

C. Systems showing moist/dry or high/low are not acceptable. 

2.6 FINAL CONTROL ELEMENTS AND OPERATORS 

A. Fail Safe Operation: Control valves and dampers shall provide "fail safe" operation in 

either the normally open or normally closed position as required for freeze, moisture, and 

smoke or fire protection. 

B. Spring Ranges: Range as required for system sequencing and to provide tight shut-off. 

C. Power Operated Control Dampers (other than VAV Boxes): Factory fabricated, balanced 

type dampers. All modulating dampers shall be opposed blade type and gasketed. Blades 

for two-position, duct-mounted dampers shall be parallel, airfoil (streamlined) type for 

minimum noise generation and pressure drop. 

1. Leakage: // Except as specified in subparagraph 2 below, // maximum leakage in 

closed position shall not exceed 7 L/S (15 CFMs) differential pressure for outside air 
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and exhaust dampers and 200 L/S/ square meter (40 CFM/sq. ft.) at 50 mm (2 inches) 

differential pressure for other dampers. 

2. Frame shall be galvanized steel channel with seals as required to meet leakage 

criteria. 

3. Blades shall be galvanized steel or aluminum, 200 mm (8 inch) maximum width, with 

edges sealed as required.  

4. Bearing shall be nylon, bronze sleeve or ball type. 

5. Hardware shall be zinc-plated steel. Connected rods and linkage shall be non-slip. 

Working parts of joints shall be brass, bronze, nylon or stainless steel. 

6. Maximum air velocity and pressure drop through free area the dampers: 

a. Smoke damper in air handling unit: 305 meter per minute (1000 fpm). 

b. Duct mounted damper: 600 meter per minute (2000 fpm).  

c. Maximum static pressure loss: 50 Pascal (0.20 inches water gage). 

D. Smoke Dampers and Combination Fire/Smoke Dampers:  Dampers and operators are 

specified in Section 23 31 00, HVAC DUCTS AND CASINGS.  Control of these 

dampers is specified under this Section. 

E. Control Valves:  

1. Valves shall be rated for a minimum of 150 percent of system operating pressure at 

the valve location but not less than 900 kPa (125 psig). 

2. Valves 50 mm (2 inches) and smaller shall be bronze body with threaded or flare 

connections. 

3. Valves 60 mm (2 1/2 inches) and larger shall be bronze or iron body with flanged 

connections. 

4. Brass or bronze seats except for valves controlling media above 100 degrees C (210 

degrees F), which shall have stainless steel seats. 

5. Flow characteristics: 

a. Three way modulating valves shall be globe pattern.  Position versus flow relation 

shall be linear relation for steam or equal percentage for water flow control. 

b. Two-way modulating valves shall be globe pattern.  Position versus flow relation 

shall be linear for steam and equal percentage for water flow control. 

c. Two-way 2-position valves shall be ball, gate or butterfly type.   
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6. Maximum pressure drop: 

a. Two position steam control: 20 percent of inlet gauge pressure. 

b. Modulating Steam Control: 80 percent of inlet gauge pressure (acoustic velocity 

limitation). 

c. Modulating water flow control, greater of 3 meters (10 feet) of water or the 

pressure drop through the apparatus. 

7. Two position water valves shall be line size. 

F. Damper and Valve Operators and Relays: 

1. Pneumatic operators, spring return type with non-ferrous metal bellows or diaphragm 

of neoprene or other elastomer. Bellows or diaphragm shall be of sufficient size so 

that a change in operating pressure of not more than two (2) percent of the total motor 

operating pressure range will be required to start the valve or damper moving. 

Provide positive positioning or sequencing relays with adjustable operating range and 

starting point for operators sequenced with other operators to permit adjustment of 

control sequences, except for control valves in confined spaces in terminal units, 

which may use springs with range selected to provide necessary sequencing.  Metal 

parts shall be aluminum, mill finish galvanized steel, or zinc plated steel or stainless 

steel. 

2. Electric operator shall provide full modulating control of dampers and valves. A 

linkage and pushrod shall be furnished for mounting the actuator on the damper frame 

internally in the duct or externally in the duct or externally on the duct wall, or shall 

be furnished with a direct-coupled design.  Metal parts shall be aluminum, mill finish 

galvanized steel, or zinc plated steel or stainless steel.  Provide actuator heads which 

allow for electrical conduit attachment.  The motors shall have sufficient closure 

torque to allow for complete closure of valve or damper under pressure.  Provide 

multiple motors as required to achieve sufficient closeoff torque. 

a. Minimum valve closeoff pressure shall be equal to the system pump’s dead-head 

pressure, minimum 50 psig for valves smaller than 4 inches. 

3. Electronic damper operators:  Metal parts shall be aluminum, mill finish galvanized 

steel, or zinc plated steel or stainless steel.  Provide actuator heads which allow for 

electrical conduit attachment. The motors shall have sufficient closure torque to allow 
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for complete closure of valve or damper under pressure.  Provide multiple motors as 

required to achieve sufficient closeoff torque. 

a. VAV Box actuator shall be mounted on the damper axle or shall be of the air 

valve design, and shall provide complete modulating control of the damper. The 

motor shall have a closure torque of 35-inch pounds minimum with full torque 

applied at close off to attain minimum leakage. 

4. See drawings for required control operation. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Examine project plans for control devices and equipment locations; and report any 

discrepancies, conflicts, or omissions to Resident Engineer for resolution before 

proceeding for installation. 

2. Install equipment, piping, wiring /conduit parallel to or at right angles to building 

lines. 

3. Install all equipment and piping in readily accessible locations. Do not run tubing and 

conduit concealed under insulation or inside ducts. 

4. Mount control devices, tubing and conduit located on ducts and apparatus with 

external insulation on standoff support to avoid interference with insulation. 

5. Provide sufficient slack and flexible connections to allow for vibration of piping and 

equipment. 

6. Run tubing and wire connecting devices on or in control cabinets parallel with the 

sides of the cabinet neatly racked to permit tracing.  

7. Install equipment level and plum. 

B. Electrical Wiring Installation: 

1. All wiring cabling shall be installed in conduits.  Install conduits and wiring in 

accordance with Specification Section 26 05 33, RACEWAY AND BOXES FOR 

ELECTRICAL SYSTEMS.  Conduits carrying control wiring and cabling shall be 

dedicated to the control wiring and cabling: these conduits shall not carry power 

wiring.  Provide plastic end sleeves at all conduit terminations to protect wiring from 

burrs. 
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2. Install analog signal and communication cables in conduit. 

3. Install conduit and wiring between operator workstation(s), digital controllers, 

electrical panels, indicating devices, instrumentation, miscellaneous alarm points, 

thermostats, and relays as shown on the drawings or as required under this section.  

4. Install all electrical work required for a fully functional system and not shown on 

electrical plans or required by electrical specifications.  Where low voltage (less than 

50 volt) power is required, provide suitable Class B transformers. 

5. Install all system components in accordance with local Building Code and National 

Electric Code. 

a. Splices: Splices in shielded and coaxial cables shall consist of terminations and 

the use of shielded cable couplers. Terminations shall be in accessible locations. 

Cables shall be harnessed with cable ties. 

b. Equipment: Fit all equipment contained in cabinets or panels with service loops, 

each loop being at least 300 mm (12 inches) long. Equipment for fiber optics 

system shall be rack mounted, as applicable, in ventilated, self-supporting, code 

gauge steel enclosure. Cables shall be supported for minimum sag. 

c. Cable Runs: Keep cable runs as short as possible. Allow extra length for 

connecting to the terminal board. Do not bend flexible coaxial cables in a radius 

less than ten times the cable outside diameter. 

d. Use vinyl tape, sleeves, or grommets to protect cables from vibration at points 

where they pass around sharp corners, through walls, panel cabinets, etc. 

6. Conceal cables, except in mechanical rooms and areas where other conduits and 

piping are exposed. 

7. Permanently label or code each point of all field terminal strips to show the 

instrument or item served. Color-coded cable with cable diagrams may be used to 

accomplish cable identification. 

8. Grounding: ground electrical systems per manufacturer’s written requirements for 

proper and safe operation. 

C. Install Sensors and Controls: 

1. Temperature Sensors: 
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a. Install all sensors and instrumentation according to manufacturer’s written 

instructions. Temperature sensor locations shall be readily accessible, permitting 

quick replacement and servicing of them without special skills and tools. 

b. Calibrate sensors to accuracy specified, if not factory calibrated. 

c. Use of sensors shall be limited to its duty, e.g., duct sensor shall not be used in 

lieu of room sensor. 

d. Install room sensors permanently supported on wall frame. They shall be mounted 

at 1.5 meter (5.0 feet) above the finished floor.  

e. Mount sensors rigidly and adequately for the environment within which the 

sensor operates.  Separate extended-bulb sensors from contact with metal casings 

and coils using insulated standoffs. 

f. Sensors used in mixing plenum, and hot and cold decks shall be of the averaging 

of type. Averaging sensors shall be installed in a serpentine manner horizontally 

across duct. Each bend shall be supported with a capillary clip. 

g. All pipe mounted temperature sensors shall be installed in wells. 

h. All wires attached to sensors shall be air sealed in their conduits or in the wall to 

stop air transmitted from other areas affecting sensor reading.  

i. Permanently mark terminal blocks for identification. Protect all circuits to avoid 

interruption of service due to short-circuiting or other conditions. Line-protect all 

wiring that comes from external sources to the site from lightning and static 

electricity. 

3. Actuators: 

a. Mount and link damper and valve actuators according to manufacturer’s written 

instructions. 

b. Check operation of damper/actuator combination to confirm that actuator 

modulates damper smoothly throughout stroke to both open and closed position. 

c. Check operation of valve/actuator combination to confirm that actuator modulates 

valve smoothly in both open and closed position.  
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D. Installation of network: 

1. Ethernet: 

a. The network shall employ Ethernet LAN architecture, as defined by IEEE 802.3. 

The Network Interface shall be fully Internet Protocol (IP) compliant allowing 

connection to currently installed IEEE 802.3, Compliant Ethernet Networks. 

b. The network shall directly support connectivity to a variety of cabling types.  As a 

minimum provide the following connectivity: 100 Base TX (Category 5e cabling) 

for the communications between the ECC and the B-BC and the B-AAC 

controllers. 

2. Third party interfaces: Contractor shall integrate real-time data from building systems 

by other trades and databases originating from other manufacturers as specified and 

required to make the system work as one system.  

E. Installation of digital controllers and programming: 

1. Provide a separate digital control panel for each major piece of equipment, such as air 

handling unit, chiller, pumping unit etc. Points used for control loop reset such as 

outdoor air, outdoor humidity, or space temperature could be located on any of the 

remote control units. 

2. Provide sufficient internal memory for the specified control sequences and trend 

logging. There shall be a minimum of 25 percent of available memory free for future 

use. 

3. System point names shall be modular in design, permitting easy operator interface 

without the use of a written point index. 

4. Provide software programming for the applications intended for the systems 

specified, and adhere to the strategy algorithms provided.  

5. Provide graphics for each piece of equipment and floor plan in the building. This 

includes each chiller, cooling tower, air handling unit, fan, terminal unit, boiler, 

pumping unit etc. These graphics shall show all points dynamically as specified in the 

point list. 
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3.2 SYSTEM VALIDATION AND DEMONSTRATION 

A. As part of final system acceptance, a system demonstration is required (see below).  Prior 

to start of this demonstration, the contractor is to perform a complete validation of all 

aspects of the controls and instrumentation system. 

B. Validation 

1. Prepare and submit for approval a validation test plan including test procedures for 

the performance verification tests.  Test Plan shall address all specified functions of 

the ECC and all specified sequences of operation.  Explain in detail actions and 

expected results used to demonstrate compliance with the requirements of this 

specification.  Explain the method for simulating the necessary conditions of 

operation used to demonstrate performance of the system.  Test plan shall include a 

test check list to be used by the Installer’s agent to check and initial that each test has 

been successfully completed.  Deliver test plan documentation for the performance 

verification tests to the owner’s representative 30 days prior to start of performance 

verification tests.  Provide draft copy of operation and maintenance manual with 

performance verification test. 

2. After approval of the validation test plan, installer shall carry out all tests and 

procedures therein.  Installer shall completely check out, calibrate, and test all 

connected hardware and software to insure that system performs in accordance with 

approved specifications and sequences of operation submitted.  Installer shall 

complete and submit Test Check List. 

C. Demonstration 

1. System operation and calibration to be demonstrated by the installer in the presence 

of the Architect or VA's representative on random samples of equipment as dictated 

by the Architect or VA’s representative.  Should random sampling indicate improper 

commissioning, the owner reserves the right to subsequently witness complete 

calibration of the system at no addition cost to the VA. 

2. Demonstrate to authorities that all required safeties and life safety functions are fully 

functional and complete. 
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3. Make accessible , personnel to provide necessary adjustments and corrections to 

systems as directed by balancing agency. 

4. The following witnessed demonstrations of field control equipment shall be included: 

a. Observe HVAC systems in shut down condition. Check dampers and valves for 

normal position. 

b. Test application software for its ability to communicate with digital controllers, 

operator workstation, and uploading and downloading of control programs. 

c. Demonstrate the software ability to edit the control program off-line. 

d. Demonstrate reporting of alarm conditions for each alarm and ensure that these 

alarms are received at the assigned location, including operator workstations. 

e. Demonstrate ability of software program to function for the intended applications-

trend reports, change in status etc. 

f. Demonstrate via graphed trends to show the sequence of operation is executed in 

correct manner, and that the HVAC systems operate properly through the 

complete sequence of operation, e.g., seasonal change, occupied/unoccupied 

mode, and warm-up condition. 

g. Demonstrate hardware interlocks and safeties functions, and that the control 

systems perform the correct sequence of operation after power loss and 

resumption of power loss. 

h. Prepare and deliver to the VA graphed trends of all control loops to demonstrate 

that each control loop is stable and the set points are maintained.  

i. Demonstrate that each control loop responds to set point adjustment and stabilizes within 

one (1) minute. Control loop trend data shall be instantaneous and the time between data points 

shall not be greater than one (1)  

 

 

----- END ----- 
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